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Safeguarding crop productivity by protecting crops from pest attacks entails the wide use
of plant protection products that provide a quick, easy and cheap solution. The objective
of this study is to understand the effects of insecticides used in agriculture on non-target
butterflies, specifically on the families Lycaenidae, Nymphalidae, Hesperiidae, and
Papilionidae. To achieve this goal, a formal systematic review was performed according
to European Food Safety Authority (EFSA) guidelines, by entering a combination of
keywords on 3 online databases. Three reviewers independently extracted information
on study characteristics and quality. The main results were collected and grouped by the
insecticide used, butterflies species and family, and endpoints. The output was valuable
but heterogeneous as the endpoints and methodologies of the studies reviewed were
different. Few experimental studies on the effects of insecticides on the most common
butterfly families have been published. Naled and permethrin are the most commonly
used insecticides in the experiments, whilst the target organisms of these studies are
Vanessa cardui,Danaus plexippus,Heliconius charitonius, belonging to the Nymphalidae
family, and Eumaeus atala, belonging to the Lycaenidae family; the effects were evaluated
on all developmental stages, with special attention to the larval phase. This systematic
review highlights the need for more studies on the effects of chemical insecticides on
non-target Lepidoptera in light of their ecological importance and the extensive use of
these chemical products.
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INTRODUCTION
Agriculture is the most common form of land use in Europe. Modern agricultural lands are
often subject to intensified use, characterized by increased field sizes, decreased crop diversity
and reduced availability of semi-natural habitats. Moreover, they are subject to high inputs of
agrochemicals, mainly Plant Protection Products (PPPs) (Hahn et al., 2015), used to safeguard
agricultural production from pests (Sciarra et al., 2015). Globally, agricultural producers apply
approximately 3 million tons of pesticides per annum, worth around USD 40 billion (Popp et al.,
2012); insecticide use reached 12.2 billion in 2015, and the market is projected to reach more
than16.4 billion by 2019 (AAVV, 2015). Insecticides are widely used to control insect pests, but
a number of concerns have arisen regarding their environmental safety.
Mulé et al. Effects of Insecticides on Common Butterflies
Insecticides are found almost everywhere, and this
contamination puts the environment and non-target organisms,
ranging from beneficial soil microorganisms, to insects, fishes
and birds, at increased risk (Aktar et al., 2009). The use of
insecticides in agriculture is well documented as one cause of
pollinator declines, especially when spraying times coincide
with flowering times (Nicholls and Altieri, 2013). Several studies
have suggested that butterflies are key taxa and good indicators
for the monitoring of anthropogenic disturbance, including
the effect of xenobiotics, and habitat quality (Bonebrake et al.,
2010; EEA, 2013). In addition, it has been estimated that
approximately 70% of butterfly species (Papilionidae and
Hesperiidae) occur in arable land (Boriani et al., 2005; Fileccia
et al., 2015), potentially exposing them to various insecticide
intensities, depending on their spatial and temporal overlap with
applications.
Butterfly populations, both larvae and adults, are at risk of
exposure to single and multiple insecticide applications coming
from direct spraying or indirect residual deposits on plant
tissue, especially as larval periods can coincide with the timing
of insecticide applications (Hoang et al., 2011). Considering
the enormous quantity of insecticides applied in agriculture,
the importance of butterflies as bioindicators and the global
decline of several butterflies species, understanding the impact
of insecticides on this taxa has become paramount.
The objective of this study was to follow European Food Safety
Authority (EFSA) guidelines (EFSA, 2010) in order to carry out
a systematic review of published studies to gauge the extent of
current knowledge regarding the effects of agricultural insecticide
use on non-target butterflies. There are a number of reasons
for choosing butterflies as a case study. Butterflies are certainly
among the most popular insects for their attractive appearance,
and many species play important roles in the ecosystem as
pollinators of many wild and cultivated plants. They are also
key taxa for biodiversity monitoring because they reflect changes
in climatic conditions as well as seasonal and other ecological
changes (Fileccia et al., 2015). In addition, butterflies are small,
have high reproductive rates and a low trophic level which allows
them to quickly respond to environmental stress (Griffis et al.,
2001). In this study, we specifically focus our attention on the
Lycaenidae, Nymphalidae, Hesperiidae, and Papilionidae, chosen
for their sensitivity to stress and presence in a large number of
habitats, especially agro-ecosystems.
Lycaenidae is the second-largest family of butterflies (Fiedler,
1996). The majority of lycaenids have associations with ants,
which can be facultative or obligate and range frommutualism to
parasitism (Pierce et al., 2002). Nymphalidae is the largest family
of butterflies (Fiedler, 1998) and includes popular species such
as the Monarch butterfly, which has received a lot of attention
because it is a migratory, charismatic species (Gullan and
Cranston, 2008). The Hesperiidae family, commonly known as
“skipper butterflies,” are recognized by their quick, darting flight
habits (Wang et al., 2013). Finally, Papilionidae includes some of
the most spectacular and magnificent of all insects (Collins and
Morris, 1985), and they are recognized as model organisms in
ecology, evolutionary biology, genetics, and conservation biology
(Zakharov et al., 2004).
MATERIALS AND METHODS
Search Criteria
This systematic review was performed following the steps of
the EFSA guidelines (EFSA, 2010) as closely as possible. Two
research questions were asked: (1) Do agricultural insecticides
cause negative effects on non-target butterflies?; and (2) If so,
what are they? To answer these questions, systematic research
of the available literature in three databases [Scopus (www.
scopus.com), Summon (www.unipa.it/amministrazione/area1/
ssp04/set11/summon/) and Web of Science (https://apps.
webofknowledge.com)] was conducted, with a combination of
the following keywords: “Lepidoptera,” “butterfly,” “butterflies,”
“non-target,” “Lycaenidae,” “Nymphalidae,” “Hesperiidae,”
“Papilionidae,” “Danaidae,” which were combined with
“insecticides,” “pesticides,” and “plant protection product.”
Searches were conducted in English and Italian on literature
from between 1970 and (15 Jan) 2016.
Screening of Search Results
Duplicates were removed manually and abstracts were
screened by two screeners against the target research questions.
Exclusion criteria described below were developed and selected.
Disagreements between the two screeners were resolved by a
third screener when necessary. Cross-checking was performed
on the excluded articles. Full-text review was independently
conducted by three reviewers and reasons for exclusion
were annotated and tracked (e.g., “review paper with no original
data”). The primary reasons for excluding papers were: (i) articles
completely un-related to search questions (biological, ecological,
etc.); (ii) general knowledge papers; and (iii) papers that did not
follow the basic criteria of scientific research (e.g., replication,
minimum in laboratory and/or field standards). Articles clearly
meeting the inclusion criteria were obtained for full-text review
unless unavailable. These included articles related to the search
inquiry, providing that scientific laboratory experiments or
field studies had a minimum number of replicas and a negative
control. Articles that could not be assessed for relevance based
on the title and abstract screening were also subjected to full-text
review. Articles were not considered further when their title
and abstract clearly indicated that the study did not meet the
inclusion criteria.
Data Analyses
Considering the heterogeneity of the data, observations of the
effect of treatment compared to the control were extracted for
all investigations, and for both laboratory and field studies.
The mean of the effect and confidence intervals were used to
calculate effect size lr as follows: lr = ln (MH/MC), where MC
is the mean effect, considering the natural mortality recorded,
on the control group, and MH the mean effect on the exposed
group.
RESULTS AND DISCUSSION
Search outputs for generic keywords such as “Lepidoptera,”
“butterfly,” and “non-target” in three databases were very
Frontiers in Environmental Science | www.frontiersin.org 2 June 2017 | Volume 5 | Article 32
Mulé et al. Effects of Insecticides on Common Butterflies
extensive, and a total of 192,268 studies were found.
Keywords such as “Lepidoptera” or “butterfly” include
harmful phytofagous species, so a second search focusing
on the most prevalent families of non-target butterflies was
conducted. A total of 2097 scientific articles were recorded
and then read. After deleting duplicates, we selected 7 articles
(Table 1) that were useful to answering the proposed research
questions.
The review shows that 4 studies were laboratory experiments
and 3 were field studies. Overall, 6 different insecticides were
tested, and the most common were naled and permethrin.
The first is an organophosphate insecticide initially registered
for use against adult mosquitoes, but which is also used in
agriculture, especially in the United States on cotton crops
and alfalfa. The second is a synthetic pyrethroid which, acting
as a neurotoxin, affects the nervous system of the organisms
and is used in agriculture on cotton, maize and wheat crops.
The other insecticides considered in the experiments were
dichlorvos, resmethrin, malathion, and imidacloprid. The latter
is the second most used PPP in the world, though since 2013 it
has been banned in Europe on crops that attract bees because
it is considered highly toxic for them (Goulson, 2013). In
addition, the U.S. Environmental Protection Agency classifies
naled, dichlorvos, and permethrin as highly toxic to aquatic
organisms and honeybees, based on acute toxicity data (Hoang
et al., 2011).
The Nymphalidae and Lycaenidae have been studied more
than Hesperiidae and Papilionidae. The effects of insecticides
have been assessed on a total of 20 species, 5 belonging to
the Hesperiidae family, 5 to Lycaenidae, 8 to Nymphalidae,
and 2 to Papilionidae. The most studied species were Vanessa
cardui, Danaus plexippus, and Heliconius charitonius, belonging
to Nymphalidae, and Eumaeus atala, belonging to Lycaenidae. In
addition, 11 species were studied in the field, 1 in the laboratory
TABLE 1 | Studies reviewed in detail in which experiments were carried out to evaluate the effects of insecticides (In) (D, dichlorvos; I, imidacloprid; M, malathion; N,
naled; P, permethrin; R, resmethrin) on non-target butterflies.
Study Experiment In Exposure modality Endpoint Family Species Life stage
Hoang et al., 2011 Laboratory P
N
D
Direct applications on
thorax and wings
LD50 (µg/g), Mortality Lycaenidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Eumaeus atala
Heliconius charitonius
Junonia coenia
Vanessa cardui
Anartia jatrophae
Larva
Adult
Zhong et al., 2010 Field N Aerial application Mortality Lycaenidae Cyclargus thomasi
bethune bakeri
Larva
Oberhauser et al., 2009 Field R Aerial application Mortality Nymphalidae Danaus plexippus Larva
Bargar, 2012 Field N Spray application Mortality
Risk assessment
Papilionidae
Papilionidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Nymphalidae
Lycaenidae
Lycaenidae
Lycaenidae
Lycaenidae
Hesperiidae
Hesperiidae
Hesperiidae
Hesperiidae
Hesperiidae
Papilio polyxenes
Papilio troilus
Vanessa cardui
Junonia coenia
Agraulis vanilla
Anartia jatrophae
Heliconius charitonius
Phyciodes phaon
Hermeuptychia
sosybius
Leptotes cassius
Strymon istapa
Eumaeus atala
Calycopis cecrops
Urbanus proteus
Erynnis spp.
Thorybes spp.
Pyrgus sp.
Pyrgus oileus
Adult
Oberhauser et al., 2006 Laboratory P Oral administration Mortality survival, feeding
interruption, female
oviposition choice
Nymphalidae Danaus plexippus Larva
Adult
Krischik et al., 2015 Laboratory I Oral administration Survival, feeding
interruption, fecundity,
hatching
Nymphalidae
Nymphalidae
Danaus plexippus
Vanessa cardui
Larva
Adult
Salvato, 2001 Laboratory N
M
P
Direct applications on
thorax
LD50 (µg/g) Hesperiidae
Hesperiidae
Lycaenidae
Nymphalidae
Nymphalidae
Urbanus proteus
Pyrgus oileus
Eumaeus atala
Agraulis vanilla
Heliconius charitonius
Larva
Adult
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and 8 in both. Regarding the vital stage, experiments were carried
out at the larval stage in 6 of 7 studies, the adult stage in 5 of
7 studies, and at both adult and larval stages in 4 of 7 studies.
Moreover, the experiments included 10 species at the adult stage,
1 species at the larval stage and 9 at both. The reported data in
Hoang et al. (2011), for example, showed that the fifth larval stage
was slightly more sensitive to the tested insecticides compared to
the adult stage.
A real meta-analysis was impossible to carry out because the
reported data in the selected studies, albeit valid, often differed
among themselves. Whilst some studies were conducted in the
laboratory, others were in the field, with different exposure
modalities. For example, some experiments used oral insecticide
administration, whilst others employed direct contact on the
thorax or wings. In addition, the endpoints examined often
differed among studies because some experiments studied the
lethal dosage and others the percentage of mortality or feeding
behavior.
However, all insecticides had a negative effect on all species
for both stages. Figure 1 reports the effect size (lr) of the six
insecticides on larvae and adults. Insecticides have more negative
effects on larvae than on adults, except for some specific species.
The lowest effects was observed for larvae of V. cardui exposed
to naled and for Junonia coenia exposed to dichlorvos; the most
dramatic effect was observed for E. atala and H. charitonius
exposed to permethrin.
CONCLUSION
This review shows that the use of insecticides reported in Table 1
cause negative effects on the most common butterfly families,
such as reduced survival rate, feeding interruption, and alteration
of oviposition behavior. However, despite the billions of dollars
spent on insecticides and the known importance of Lepidoptera,
it has been impossible to determine which species is the most
sensitive or which insecticide is the most toxic toward the studied
species, given the small number of published studies, different
methodological approaches and different endpoints examined.
Even though it was not possible to perform an exhaustive meta-
analysis given the heterogeneity of data and methodological
approaches, it is clear, from this review, that the different species
have different susceptibility to different insecticides. However,
as this review manuscript aims to assist in the formulation of
policies, by offering sound scientific evidence on the effects of
PPPs on non-target organisms (in this case, butterflies) that
are recognized worldwide as good indicators, it is important
to mention the lack of data encountered on the concept of
sub-lethal effects. This highlights the need for further research
FIGURE 1 | The effect of insecticides (D, dichlorvos; I, imidacloprid; M, malathion; N, naled; P, permethrin; R, resmethrin) on larvae and adults of diurnal Lepidoptera,
specimens are grouped in alphabetic order by family and then by species. Data are presented as average response ratios (lr) of treated-to-control group. The
extremities of the bars indicates the minimum and maximum effects.
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on this topic, including the knowledge of the sub-lethal effects of
PPPs on NTOs, in accordance with the opinion expressed in 2015
by EFSA’s researchers (EFSA, 2015) who made recommendations
for further toxicity studies on PPPs, using Lepidoptera
larvae as representatives of herbivorous species of non-target
arthropods.
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